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Abstract. Tando Ghulam Hyder Taluka is part of Tando Muhammad Khan district which is reported as worst arsenic 
(As) affected part of Indus deltaic plain. Study area is an agricultural land where wheat, rice, cotton, sugarcane and 
banana plantations are common. Twenty four groundwater samples were randomly collected at very shallow depth 
(4.5-24 meters) from hand pump wells. All samples were analyzed to determine their physicochemical and 
microbiological constituents including arsenic. Groundwater is mostly saline (mean TDS: 1192 mg/L) containing 
arsenic or microbial contaminants as major source of pollution. Seven out of total 24 samples are contaminated with 
arsenic (10 to 300 µg/L). About one fifth of total collected samples were found sewage impacted but arsenic free. The 
pH of all arsenic contaminated samples is alkaline (pH: 7.1 to 7.7) coupled with elevated bicarbonate contents (140-370 
mg/L) indicating organic matter as a source of arsenic which is being decomposed under local reducing conditions. 
Arsenic shows strong correlation with phosphate (r2 = 0.8) suggesting fertilizer as other source of arsenic.  
Keywords: Holocene, alluvial aquifers, groundwater, arsenic, contamination. 
Introduction  
Arsenic (As) is recognized as big threat to public 
health in many countries including Bangladesh, India, 
China, Vietnam, Nepal, Argentina, Myanmar, 
Cambodia, Taiwan, Thailand, Brazil, Chile, Mexico 
and many other regions of United States, Canada, 
Europe, Russian Federation, and Africa (South Africa, 
Ethiopia, Ghana) (Bundschuh et al., 2009; 
Bhattacharya et al., 2002). In India and Bangladesh, 
sources of arsenic and possible mobilization 
mechanisms are already well established (e.g. Akai and 
Anawar, 2013; Anawar et al., 2013; Kar et al., 2010; 
Hasan et al., 2009; Seddique et al., 2008; Chakraborty 
et al., 2007; Stollenwerk et al., 2007; ; Ravenscroft et 
al., 2005;  Cole et al., 2005; Tanduakar et al., 2005; 
Smedley and Kinniburgh, 2005; Swartz et al., 2004; 
McArthur et al., 2004; Anawar et al., 2003, 2001; 
Tareq et al., 2003; Harvey et al., 2002; McArthur et al., 
2001). However, detailed studies on arsenic sources, 
factors conducive to its mobilization are still lacking in 
Pakistan where many of its regions show elevated 
arsenic concentration in their surface and groundwater 
resources (Malana and Khosa, 2011; Ashraf et al., 
1991). A few studies linked the elevated As 
concentration with anthropogenic factors like fertilizer 
application, coal combustion or sewage disposal (Baig 
et al., 2009; Farooqi et al., 2009; Farooqi et al., 2007 a, 
b, Haq et al., 2007; Nickson et al., 2004). Likewise in 
southern part of Sindh province, a few studies reported 
the arsenic toxicity in lower reaches of Indus River 
(Majidano et al., 2010; Arain et al., 2009; Kazi et al., 
2009) including Indus delta (Naseem, 2012; Husain et 
al., 2012; Husain, 2009). Tando Ghulam Hyder Taluka 
(part of Tando Muhammad Khan district) is selected 
for present study as no work has been carried out in 
this part of Indus deltaic flood plain with reference to 
arsenic contamination. Thus, present study is aimed at 
screening aquifers to determine the fecal organics and 
physicochemical parameters including arsenic in 
groundwater of study area. It will provide a basis for 
identifying source of arsenic and mobilization 
mechanism by evaluating the major ion chemistry of 
groundwater followed by microbiological analysis.  
Materials and Methods  
a) Study area  
Tando Ghulam Hyder taluka is a part of Tando 
Muhammad Khan district  which lies in the south west 
of Sindh province about 35 km from Hyderabad on the 
Badin-Hyderabad National Highway between 68º15´E-
68º45´E longitudes and 25º00´N-25º30´N latitudes, 
covering an area of 2600 sq. km (Fig. 1). Unlined 
sanitation is common where municipal waste water is 
generally drained in depressions or low lying areas. 
The study area is cultivated for rice, wheat, cotton, 
sugarcane, banana and mango plantations. It is 
extensively irrigated by groundwater and has some 
industrial units of sugar and rice. The soil in the area is 
silty-clay which is calcareous and dark grey in color. 
Most of the farmers are poor and mainly depend on  
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groundwater for irrigation because of scanty supply of 
surface/canal water, semiarid climate and scarce 
rainfall. Local population is generally poor,  
 
 
undernourished, inadequately hydrated, using mostly 
contaminated groundwater for drinking purpose. Due 
to scarcity of fresh and clean water for drinking and 
other purposes people mainly rely on groundwater 
























Fig 1. Location map of Tando Ghulam Hyder Taluka. 
Sample Collection 
1. Sampling for Physicochemical Analysis 
The groundwater sampling was carried out in July 
2012 at the onset of dry season. Field studies included 
the collection of groundwater samples (n=24) at a 
depth range of 4.6-24 meters. The water samples were 
collected from hand pump wells after pumping for at 
least 5-10 minutes to get representative samples of the 
groundwater. Water samples were not filtered so that 
accurate value of arsenic could be obtained as. 
Locations of the wells were marked with the Global 
Positioning System (GPS) on the topographic survey 
sheet. Groundwater samples were collected in cleaned 
plastic bottles (0.5 and 1 liter capacity) for 
physicochemical analysis. The bottles were washed 
properly and rinsed thoroughly with distilled water and 
then with the groundwater. Electrical conductivity 
(EC), temperature (T) and pH were measured 
immediately after sampling at each site using a 
portable meter. Arsenic concentration in groundwater 
was determined at each site using Merk field testing kit 
(Cat No. 1.17926.0001, Germany, 0.01-0.5 mg/l). The 
concentration of arsenic was measured by visual 
comparison of the reaction zone of analytical test strip 
with the fields of color scale. This method gives semi-
quantitative estimation of arsenic which was confirmed 
by checking 10% of the total collected samples on 
Atomic Absorption Spectrophotometer. For nitrate 
determination groundwater samples (n = 24) were 
separately collected in bottles of 100 ml capacity.  One 
ml boric acid solution was injected with sterile syringe 
in each water sample. Water samples were kept in ice 
box (temperature: 4 °C) to cease any reaction that 
could alter the concentration of nitrate in the collected 
samples.  
2. Sampling for Microbiological Analysis 
For bacteria detection, groundwater samples were 
directly poured into microbiological testing kits 
manufactured by Pakistan Council of Research for 
Water Resources (PCRWR). The sample kits were 
kept in incubator at 30°C for 24 hours to obtain results.  
Analytical Methods 
1. Groundwater Analysis 
Physicochemical tests were carried out in the 
laboratory of PCRWR to determine major, minor and 
trace elements including arsenic. The analytical data 
quality was ensured through careful standardization, 
procedural blank measurements and duplicate samples. 
Groundwater samples preserved in the boric acid were 
analyzed to determine the nitrate concentrations. 
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Nephelometric method was used to determine turbidity 
of groundwater samples. Turbidity meter (Lamotte, 
model 2008, USA) was used for this purpose and 
Formazin polymer was used as turbidity standard 
suspension for reference. The pH and electrical 
conductivity of collected groundwater samples (n =24) 
were measured with the glass electrode pH meter 
(JENCO 6230N) and EC meter (Eutech Cyber Scan 
CON II) respectively. Alkalinity was determined by 
2320 Standard Method (1992) while hardness was 
measured in terms of calcium carbonate by EDTA 
titration Standard Method (Guldager et al., 1992). 
Soluble Ca+2, Mg+2, CO3
-2, HCO3 and Cl
- in 
groundwater samples were measured by titration 
method (USSL, 1954).  
Flame photometer (Model: PFP-7, JENWAY, UK) 
was used to determine concentration of Na+ and K+ 
while SO4
-2 by Turbidity Metric method. The UV-VIS 
Spectrophotometer (Analytic Jena) was used for 
sulphate estimation. For nitrate determination Cadmium 
Reduction method (HACH-8171) by Spectrophotometer 
was used. Iron concentration was measured by 
Phenanthroline Photometric method using Spectrophoto 
meter (Model: U-1100, HITACHI) at 510 nanometer. 
Field tests of arsenic detection in groundwater were 
cross checked by using 10% of total arsenic containing 
samples on Perkin Elmer A Analyst 600 Graphite 
Furnace Atomic Absorption Spectrophotometer at 
laboratory. Fluoride concentration in the groundwater 
samples was determined by Spectrophotometer by the 
method of 8092, SPADNS (HACH). 
1. Microbiological Analysis 
Microbiological testing kits manufactured by PCRWR 
were used to accomplish the qualitative test for the 
occurrence of bacteria in groundwater. The sampling 
bottles were filled up to the mark given on the bottles. 
After shaking and keeping it in the digital incubator at 
30°C for 24-48 hrs, evaluation was made on the basis 
of color change in the bottles. Bottles with no color 
change were marked as absolutely free from 
bacteriologic contamination and otherwise (brown or 
black) were designated as pathogen contaminated. 
Results and Discussion 
Physicochemical and microbiological parameters 
Groundwater quality is safe in terms of color, odor and 
taste in Tando Ghulam Hyder Taluka. Only two 
samples (TGH-84 and TGH-76) show objectionable 
turbidity (28 and 60 NTU respectively) against WHO 
guideline value of < 5 NTU (Table 1). The pH of 
groundwater is generally alkaline (range: 6.3-8.0; 
mean: 7.4) and salinity is highly variable (TDS: 259-
2349 mg/L; mean 1192) which is attributed to 
anthropogenic activities and geochemical processes 
(Jeevanandam et al., 2007) in study area. Ca and Mg 
concentrations widely vary in the range of 32-168 and 
12-129 mg/L respectively. A large section (42%) of 
groundwater samples show elevated concentrations of 
Na (30-556; mean: 227 mg/L) and Cl (range: 27-768 
mg/L; mean: 308 mg/L) exceeding their permissible 
limit of 200 and 250 mg/L respectively (Table 2). 
Mean concentration of Ca is 86.41 mg/L but one third 
of total (n = 24) samples exceed permissible limit of 
100 mg/L set by WHO for drinking water. Similarly, 
mean concentration of Mg (53.16 mg/L) slightly 
exceeds the permissible guideline value of 50 mg/L 
(Table 2).  
A wide range of HCO3 (140-650 mg/L; mean: 321 
mg/L) and SO4 concentrations (8-410 mg/L; mean: 160 
mg/L) occur in the groundwater of study area where 
about 63% and 29% wells show HCO3 > 250 mg/L and 
SO4 > 250 mg/L respectively (Table 2). Nitrite content 
is exceptionally low (0.32-5.34 mg/L; mean: 0.92 
mg/L) in the groundwater of Tando Ghulam Hyder 
Taluka indicating the prevalence of anoxia (Rowland 
et al., 2008; Mukherjee et al., 2009). Dissolved iron is 
generally low (0.01-0.05 mg/L; mean: 0.1 mg/L) but 
four samples show elevated concentrations (0.31-0.59 
mg/L) above the permissible limit (0.3 mg/L) of WHO 
for drinking water (Table 2). Seven out of total (n = 
24) wells are reported to contain arsenic in the 
concentration range of 10-300 µg/L which is above 
WHO permissible limit of 10 µg/L for drinking water. 
All these arsenic contaminated samples were taken at 
very shallow depth (< 30m) which is consistent with 
findings of other workers in the world (e.g. Bibi et al., 
2008; Hudak, 2008; Polizzotto et al., 2005; Harvey et 
al., 2002; Nickson et al., 2000; Frisbie et al., 1999; 
Roy Chowdhury et al., 1999; Acharyya et al., 1999; 
Karim et al., 1997). Similarly, five of total (n=24) 
collected Arsenic free water samples are 
microbiologically contaminated suggesting that arsenic 
release is not triggered by unlined sanitation in study 
area as is also reported elsewhere (e.g. Cole et al., 2005).  
Arsenic interrelationship 
Dissolved arsenic was correlated with all 
physicochemical parameters for which results have 
been summarized in Table 3. Data reveal that arsenic 
shows strong correlation only with phosphate (r2 = 0.8) 
while its relationship with other parameters is either 
negative or insignificant. The negative correlation of 
arsenic with Cl (r2 = -0.4) and SO4 (r
2 = -0.4) while 
weakly positive with NO3 (r
2 = 0.1) contents in the 
groundwater of study area is in agreement with the fact 
that these anions appear to have minimal impact on 
arsenic desorption (Herbel and Fendorf, 2006). Yet 
these ions can contribute to ionic strength and 
salinization effect on arsenic desorption in sediments 
(Smith et al, 1998; Gupta and Chen, 1978). 
Lack of FeOOH Reduction and Dissolution 
It is widely believed that arsenic is released by 
reductive dissolution of iron oxyhydroxide (FeOOH) 
coated sand (Swartz et al., 2004; Dowling et al., 2002;   

























Lat. ºN Long. ºE 
1 TMK 74 23 250229 683815 Nabi Bukhsh Pitafi Goth Colorless U U 24.2 6.32 1005 643 <5 
2 TMK 75 9 250149 683942 Punio Patel Goth Colorless U U 24.3 7.36 2080 1331 <5 
3 TMK 83 9 245909 6840 Kalu Dehrani Colorless U U 24.5 7.29 3180 2035 <5 
4 TMK 84 9 245812 683559 Raees Muhammad Jumar Barani Goth Turbid U U 24.2 7.75 766 490 28 
5 TMK 104 15 250359 683608 Kabul Keerio Goth Colorless U U 31.4 7.19 753 482 <5 
6 TMK 105 15 250354 683622 Kabul Keerio Goth Colorless U U 31.3 7.81 728 466 <5 
7 TMK 106 15 250302 683712 Govt. Hospital / Nazarpur Goth Colorless U U 31 7.16 1442 923 <5 
8 TMK 107 20 250252 683745 Nazarpur Colorless U U 31.1 7.59 875 560 <5 
9 TMK 175 11 250053 683555 Warh Mori Stop Colorless U U 31 7.34 405 259 <5 
10 TMK 177 15 250100 683630 Haji Khabarh Goth Colorless U U 31.1 7.8 816 522 <5 
11 TMK 178 24 250110 683736 Mohammad Ismail Malah Colorless U U 31.2 7.11 736 471 <5 
12 TMK 179 9 250114 683802 YaqoobJatt Goth Colorless U U 31.1 7.49 2260 1446 <5 
13 TMK 85 12 245542 683338 Gulam Shah, Bhagrani Village Colorless U U 24.2 7.31 3670 2349 <5 
14 TMK 208 9 245638 683111 WangaiMehri Muddy U U 30.8 7.23 1368 876 <5 
15 TMK 209 9 245538 683212 Mubarak Rind Goth Colorless U U 30.8 7.76 2760 1766 <5 
16 TMK 210 21 245546 683355 Moya City Colorless U U 30.7 7.14 2900 1856 <5 
17 TMK 211 15 245434 683444 Ali Akbar Rind Goth Colorless U U 31.8 7.58 3590 2298 <5 
18 TMK 212 15 245654 683444 Margio Sathyo Goth Colorless U U 30.9 7.89 2400 1536 <5 
19 TMK 76 15 245929 684332 Hakimani Sayed Goth Muddy U U 24.4 7.52 850 544 60 
20 TMK 80 5 245529 684457 Fazal Khan Lashari Colorless U U 24.4 8.06 3530 2259 <5 
21 TMK 81 8 242657 684019 Daulat Khan Chang Colorless U U 24.5 7.33 2570 1645 <5 
22 TMK 82 13 245833 684020 Haji Ahmad Soomro Goth Colorless U U 24.5 7.78 1549 991 <5 
23 TMK 77 17 245820 684548 Dando City Colorless U U 24.3 7.62 1077 689 <5 
24 TMK 78 15 245712 684557 Achee Mori stop Yellow U U 24.4 7.96 3410 2182 <5 
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Micro   
(+ve/-
ve) 
1 TMK 74 380 78 45 150 183 102 - 0.54 0.3 61 4.5 0.03 0 -ve 
2 TMK 75 650 104 95 380 304 225 - 0.84 1 173 5.5 0.07 0 -ve 
3 TMK 83 780 168 87 300 593 410 - 5.34 0.4 364 10.6 0.06 0 -ve 
4 TMK 84 250 48 32 170 103 53 - 0.49 0.8 57 2.7 0.07 0 +ve 
5 TMK 104 270 80 17 220 74 43 - 0.80 0.4 46 3.6 0.59 30 -ve 
6 TMK 105 200 48 19 250 71 8 0.3 1.11 0.5 72 4.5 0.04 300 -ve 
7 TMK 106 410 84 49 370 167 104 0.2 1.34 0.5 136 7.5 0.07 100 -ve 
8 TMK 107 250 48 32 210 96 80 0.1 0.61 0.9 67 31.8 0.02 50 -ve 
9 TMK 175 130 32 12 140 27 18 0.5 0.55 0.5 30 3.5 0.08 250 -ve 
10 TMK 177 180 32 24 220 113 28 - 0.36 0.4 102 4.4 0.06 0 -ve 
11 TMK 178 300 72 29 240 49 50 - 0.32 0.5 33 3.1 0.01 0 -ve 
12 TMK 179 300 48 44 410 412 142 - 0.48 0.7 376 4.2 0.02 0 -ve 
13 TMK 85 930 160 129 380 753 369 - 1.17 0.8 406 10.5 0.06 0 -ve 
14 TMK 208 360 80 39 280 177 134 - 0.99 0.9 141 7.5 0.35 0 +ve 
15 TMK 209 140 32 15 480 412 284 - 1.14 3 556 5.3 0.02 10 +ve 
16 TMK 210 550 116 63 330 583 260 - 0.44 1.1 403 6.9 0.01 0 -ve 
17 TMK 211 700 104 107 410 723 326 - 0.43 1.6 488 16 0.05 0 +ve 
18 TMK 212 400 68 56 360 403 254 - 0.46 1.3 356 6.3 0.04 0 -ve 
19 TMK 76 280 60 32 240 106 31 - 0.52 0.9 64 4.3 0.18 0 +ve 
20 TMK 80 750 148 92 440 768 234 - 0.72 1 470 6.4 0.13 0 -ve 
21 TMK 81 620 108 85 380 545 122 - 0.72 1.1 317 7.8 0.04 0 -ve 
22 TMK 82 490 68 78 440 142 129 - 0.66 0.3 127 5.5 0.05 0 -ve 
23 TMK 77 330 76 34 270 124 85 0 0.77 0.4 101 5 0.31 100 -ve 
24 TMK 78 600 140 61 650 468 362 0.3 1.42 1.2 510 9.2 0.33 0 -ve 
Mean 
427.08 83.41 53.16 321.66 308.16 160.54 0.23 0.92 0.85 227.33 7.35 0.11 35 --------- 
WHO Limits *NGVS 500 NGVS 150 NGVS NGVS 250 250 NGVS 10 1.5 200 12 0.3 
NGVS: No Guideline Value Set. 
Table 2. Chemical and microbiological parameters of groundwater samples from Tando Ghulam Hyder Taluka. 
Int. j. econ. environ. geol. Vol:5(2) 1-10, 2014                Available online at www.econ-environ-geol.org 
 
5 
Harvey et al., 2002; McArthur et al., 2001; Nickson et 
al., 1998, 2000) and clay grains (Yan et al., 2000) 
under acidic conditions (Takahashi et al., 2004; Torres 
and Ishiga, 2003; Inskeep et al., 2002; Meng et al., 
2001 a,b; Smedley and Kinniburgh, 2002; Hounslow, 
1980). On the other hand arsenic release is favored by 
organic matter decomposition in alkaline water (Torres 
and Ishiga, 2003) under anoxic conditions (Bibi et al., 
2006). Groundwater of Tando Ghulam Hyder Taluka 
reveals the occurrence of mildly reduced environment 
which is indicated by very low nitrate (< 1mg/L) and 
high bicarbonate (mean: 321 mg/L) contents (Table 2). 
The alkaline (mean pH: 7.4) nature of groundwater 
suggests that FeOOH dissolution to release its sorbed 
arsenic load into the aquifer is not the main mechanism 
in study area. Only four wells (n=24) show the 
occurrence of elevated iron content (0.31-0.59) out of 
which two wells (TGH-77 and 104) also contain 
elevated arsenic concentrations of 100 and 30 µg/L 
respectively. These wells were installed about 20 years 
ago and elevated iron contents may be due to old age 
iron pipes (Bhuyan, 2010) which might be rusted and 
corroded. Moreover, poor correlation between 
dissolved arsenic and Fe (r2 = 0.1) further supports that 
FeOOH reduction is not responsible for high arsenic 
groundwater in Tando Ghulam Hyder Taluka which is 
a ubiquitous mechanism reported in deltaic plains of 
the world (e.g. Harvey et al., 2002; Acharyya et al., 
1999; Nickson et al., 1998 Bhattacharya et al., 1997). 
Organic Matter Decomposition 
Organic matter productivity and accumulation in 
deltaic parts of the world is a common process 
(Acharyya et al., 1999, 2000). It is well established that 
organic matter decomposition not only creates the 
reducing conditions but also serves as a source of 
arsenic (Liu et al., 2013; Langner et al., 2012; Wang et 
al., 2012; Anawar et al., 2003, 2011; Reza et al., 2010; 
Rothwell et al., 2009; Bauer et al., 2008; Akai et al., 
2004; Dowling et al., 2002). Tando Ghulam Hyder 
Taluka is one of the most fertile parts of Indus deltaic 
flood plain where natural organic matter is prone to 
accumulate in oxbow lakes and other wetlands. Flood 
irrigation (Fig. 2) is common practice for rice, banana 
and sugarcane crops in study area which also creates 
the anoxic environment on the surface of the soil 
(Reynolds et al., 1999; McGeehan and Naylor, 1994; 
Hess and Blanchar, 1977; Deuel and Swoboda, 1972) 
from where As is released (Reynolds et al., 1999; 
Rochette et al., 1998; Massacheleyn et al., 1991) from 
sediments and / or organic matter decomposition 
(Anwar et al., 2013) and transported to the well depths 
through aquifer (Polizzotto et al., 2006). 
Both As and P belong to group V (B) family in the 
periodic table and behave similarly in many ways in 










 2002). In natural water PO4 ranges from 0.005 to 
0.02 mg/L (Chapman and Kimstach; 1992). For this 
range, PO4 values of all the samples in study area are 
comparatively high (range: 0.03-0.5 mg/L; mean: 0.23 
mg/L). Competitive ion exchange processes involving 
PO4 and carbonate are postulated to release sorbed As 
from FeOOH (Appelo et al., 2002; Acharyya et al., 
1999). If this would be the case, the relationship of As 
with PO4 should be inverse. Contrary to this, the 
occurrence of phosphate content is reported only in 
those water samples which also have very high arsenic 
concentrations (30-300 µg/L).  
The association of PO4 with arsenic rule out the 
competitive exchange hypothesis instead favors Fe-
reduction hypothesis (co-existence of As & Fe) 
(Mukherjee-Goswami et al., 2008) and organic matter 
decomposition for the concomitant release of arsenic in 
the groundwater of Tando Ghulam Hyder Taluka.  
Since iron reduction mechanism has already been 
discussed and, the organic matter decomposition is the 
other process which is likely responsible for elevating 
the arsenic concentrations in groundwater of study 
area. It is known that phosphorous can be released 
during microbial degradation of organic matter and 
may lead to elevated levels of PO4 in groundwater 
(Bhattacharya et al., 2006; McArthur et al., 2001, 
2004; Acharyya et al., 1999). Moreover, (Acharyya et 
al.; 2000) suggested that PO4 is leached out from the 
 
 
surface of agricultural land and thereby accumulated in 
the aquifer and enhanced the as mobilization in 
Fig. 2 Flood irrigation practices for rice and sugarcane 
in study area. 
Fig. 3 Crop residue burnt in-situ in Tando Ghulam 
Hyder Taluka. 
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groundwater.  In study area, after harvesting the crop, 
plant residue is burnt in situ (Fig. 3) and major portion 
of the decomposed organic matter is leached out to 
groundwater or runs off to the fresh water and finally 
enters shallow aquifer by recharge; consequently 
increasing PO4 concentration in groundwater (Tareq et 
al., 2003). 
Fertilizer Application  
It has already been mentioned that the main land of the 
study area is mainly used for agricultural activity 
where rice, cotton, sugarcane and wheat are cultivated 
throughout the year. For this purpose copious amount 
of fertilizers is being applied on the crops. Generally 
di-ammonium phosphate (DAP) is used in the 
















A large number (75%) of groundwater samples are 
found to be arsenic safe in study area, however, 
toxicity level is very high (3 fold higher than WHO 
guideline value) in arsenic contaminated wells. Sewage 
contamination is prevailing but microbial pollution has 
no role to trigger arsenic concentration in the 
groundwater of study area. The source of arsenic 
seems both natural (organic matter) and anthropogenic 
(fertilizers). In the study area there are possibility that 
it may rise up to alarmingly high level if the population 
has increased and proper drainage system is not 
provided in future. Apparently, reductive dissolution of 
iron oxyhydroxide is not the main mechanism for 
increasing arsenic concentration in Tando Ghulam 
Hyder Taluka. Further studies are required to ascertain 
why reductive dissolution of FeOOH is not the main 
factor for dissolved arsenic in the study area. However, 
it is a common mechanism of arsenic release in other 
deltaic parts of the world. 
High Arsenic contents in fertilizers (particularly in P 
fertilizers) have been reported by several workers (e.g. 
Farooqi et al., 2007; Acharyya, 2005; Campos, 2002) 
and the application of fertilizers during agricultural 
practices is assumed to play a role in arsenic release 
(Ueno, 2000). 
Since depth to water table is relatively low (< 30 
meters) and major parts of study area are agricultural 
land, nutrients from adjacent soils and agricultural 
fluids in the form of fertilizers may leach into the 
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